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Abstract
One of the key aspects for the assurance a long term competitiveness for the company, country or region is the knowledge-based 
development. The rapid increase of research and development (R&D) demand caused the emergence of wide variety of research 
organizations. It brought the new scientific problematic aspects such as the need of unified evaluation platform which would 
allow to assess the effectiveness of different type research organizations’ activities. There is an evident lack of theoretical and 
empirical studies analyzing this aspect of problem, so the main purpose of this paper is - to develop the R&D effectiveness 
assessment system in the research organizations by incorporating the Technology Readiness Level (TRL) methodology in to the 
assessment process. Although TRL is the methodology to define the technology development level, this concept is modified and 
applied to use it for identifying the coverage of R&D activity types in each research organization, what determines the further
measurements settings. The developed evaluation system allows to exploit the scientific and infrastructural potential more 
effectively by directing the activity of research organizations towards a creation of effective innovations.  
© 2014 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Kaunas University of Technology.
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1. Introduction
Investments to R&D and innovation performance have become one of the priorities for both - country’s 
development and also for the company’s competitiveness. The rapid increase of R&D demand caused the emergence 
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of wide variety of research organizations. There is a plethora of scientific literature on the effectiveness of business 
investment into R&D, yet research on R&D productivity or effectiveness in research organizations is still rare. With 
the increase of research organizations diversity the need of a unified system, which evaluates effectiveness of 
different type research organizations, appeared. R&D covers three main areas of activity: basic research (BR), 
applied research (AR) and development research (DR), while the different type of R&D requires different resources, 
leads to different processes and, of course, different type of results. That is why the R&D effectiveness assessment in 
research organizations should be differentiated according to the coverage of their activity type. The main purpose of 
this paper is - to develop the R&D effectiveness assessment system in the research organizations by incorporating 
the Technology Readiness Level (TRL) methodology in to the assessment process. Research object is the 
development of R&D effectiveness evaluation system. Although TRL is a tool to determine the level of 
technological readiness and is not related to effectiveness evaluation directly, it has several significant aspects such 
as - clear separation of BR, AR and DR activities and the description of their outcomes. Therefore, after some 
modification it can be used not for the setting of the technological level, but for the defining the coverage of R&D 
activity type depending on the strategic goals of research organization, what would predestine the indicators of their 
performance evaluation. The successful incorporation of TRL concept in the assessment process enables to evaluate 
the effectiveness of different type of research organizations and also balances the significance of BR, AR and DR 
activities, what contributes to the solving the another very relevant problem of these days – the overestimation of 
fundamental sciences across all the Europe. The scientists Markham et al. (2010); Weyant (2011); Etzkowitz (2012); 
Hage et al. (2013); Hudson and Khazragui (2013) analyze this problem naming it as one of the reasons of innovation 
and development brake and European’s long-term growth strategy failures. The overestimation of fundamental 
sciences comparing with the development research also comes in to the evaluation process of research organizations 
in Lithuania, so the improvement of this process directs them towards a creation of effective innovations. The 
developed evaluation system allows to exploit the scientific and infrastructural potential more effectively. This tool 
can be used for both – the managers of research organizations, which want to use the scientific and infrastructural 
potential more effectively and for the government – for ensuring the successful knowledge-based development. 
2. Method
To reach the defined goal there are few different methods used. First part of the theoretical research presents and 
analizes 15 existing R&D effectiveness evaluation models using the comparative and systematic analysis of 
scientific literature in pursuance to highlight the front-end dimensions which determine the whole assessment 
process and the main evaluation parameters. The second part of theoretical research incorporates TRL methodology 
in to the R&D effectiveness evaluation process as a front-end dimension using the schematic modeling method. 
3. Results
All the analyzed R&D effectiveness evaluation conceptual models and structures can be divided into two groups. 
First group includes the structural models provided by such authors as Autio and Laamanen (1995), Griffin and Page 
(1996), Brown and Svenson (1998), Sanchez and Perez (2002); Leitner and Warden (2004), Cincera et al. (2008), 
Chiesa et al. (2008), Conte et al. (2009), Paul et al. (2010). Authors draw the R&D models by structuring the whole 
R&D system is to some processes, activities or dimensions, and by specifying them. They are scientifically and 
practically significant allowing to understand and interpret the concept of R&D productivity, efficiency or 
effectiveness and its entire operating system. But only few of them elaborate the effectiveness assessment proccess 
according to the difference of research organizations. The authors Griffin and Page (1996) and Leitner andWarden 
(2004) put the strategic objectives as front-end dimension and highlight their significance. The strategic goals lead 
to the different business process in the conceptual model presented by Leitner and Warden. The Chiesa et al. (2008) 
distinguishes between two prospects according to the R&D type (scientific research and product development), but 
the empirical research is carried out in the private, but not the scientific research organizations.
The second group of authors (Geisler, 2000; Senker, 2001; Coccia, 2001, 2005; Vuole & Ojanen, 2003; 
Vijayalakshmi & Iyer, 2011) is more focused on a procedural but not structural performance assessment modeling. 
They identify or classify the evaluation perspectives, levels, steps, criterias or indicators. The most significant are 
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the research works done by Coccia (2001, 2005), Ojanen and Vuola (2003) and Vijayalakshmi and Iyer (2011). 
They are modeling the assesment process according to the variety and differences of research organizations. Ojanen 
and Vuola (2003) present the simplified system approach of selecting and developing performance measures and 
evaluation methods for R&D, were are such a dimensions as the  strategic objectives, the purpose of measurement, 
the level of analysis, the type of R&D and others integrated and they determine the whole evaluation process of 
choosing the right set of organization-specific measures for R&D. Although authors put the strategy and strategic 
objectives of R&D on the top of the system, suitable measures or evaluation methods cannot be found 
straightforward from the provided system. This is partly carried out by next authors. Coccia (2005) presents two 
complementary sets of indicators distinguishing all the research organizations into two groups – high and low 
performance research institutes. But this apportionment is not sufficient while it does not differentiated by the 
activity type. Vijayalakshmi and Iyer (2011) develope the R&D effectiveness assessment process more widely by 
distributing the research organizations into three groups depending on their individual nature, vision, character and 
by its proportional commitment to various goods such as, public goods, private goods, societal goods and strategic 
goods. First kind of laboratory is involved in high end research, the second is mainly involved in providing services 
and the third type is primarily focused on research for business development. All the performance parameters are 
grouped into 4 knowledge portfolios: knowledge generation, knowledge transfer, knowledge recognition and 
knowledge management. Finally, each of these knowledge portfolios are given suitable weight based on the 
character of the lab. There are, for example, reccomended to put 60 percent of parameters from the knowledge 
generation portfolio to the final assessment of first kind of lab. Although the authors differentiate quite a lot off 
aspects of evaluation, there can be some limitations seen. First of all, the groups off laboratorries are not covering all 
the types of possible activities, for example, it can be high end research laboratory for the applied sciences, in such a 
case the number of developed products or other DR activity parameters are more important than just the 
contributions to the fundamental sciences. Or if its strategic goal is high end research, the weightage of knowledge 
recognition (awards, etc) should be more significant. This problem occur because of identifying the parameters by 
factual performance results of labs, which are not necessary effective or fully meet their strategic goals.    
Although the scientific literature analyzes the problem of effectiveness assessment in research organization, just 
few authors provide the different set of appropriate measures for the different type of research organization. As it is 
presented in the literature analyses, they have some limitations and points to the need of the same platform for the 
activity assessment of research organizations.  
The incorporation of TRL concept for the defining the coverage of R&D activity type depending on the strategic 
goals of research organization would predestine the indicators of their performance evaluation. The TRL scale 
ranges the technological activity into the 9 levels and describes the results of each range from 1 (basic principles 
observed) through 9 (total system used successfully in project operations) (Mankins, 1995). Furthermore the TRL 
clearly separates the scientific and technological ranges of R&D and three R&D types. Although TRL is more 
prevalent in the industry, it has been started to use in the R&D project planning, financing, promotion and 
evaluation processes both in Europe and Lithuania in pursuance to encourage the development research. However, it 
is not linked with the assessment process directly. 
The defined results of each TRL level were analyzed and combined into 6 certain groups according to the R&D 
range and type while modeling TRL methodology for the setting the level of research organization’s activity. The 
activity type level should be set for each research organization at the time they are established or before the 
assessment procedure depending on their strategic goals or priority activities. Figure 1 presents the concept of the 
determining the activity type level for research organization.   
R&D range Scientific performance Technological performance
R&D type BR AR DR
Activity type level 1 2 3 4 5 6
Product type Scientific product Technological product
Fig. 1. The Concept of the Determining the Activity Type Level for Research Organizations.
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The first, second and the third activity type levels, presented in the figure 1, covers the scientific performance 
wich creates the scientific products, while the fourth, fift and sixth levels covers the technological performance and 
the creation of technological products or processes using the scientific knowledge.
Basic research (BR) activity. There is just one level for the basic research assigned in the original TRL 
methodology, while modified concept, presented in the Figure 1, distribute the basic research into 2 activity levels, 
having regard to the observations of Etckowitz and Leydesdorff (2000), that academic institutions wish to focus on 
the basic research and reluctance to be the commercial subjects, and also because the research organizations are 
established to develop the social and humanitarian sciences too. The goal of the activity level 1 is to create the 
scientific products without the intent of application. Such performance can be measured by the indicators which 
could be defined as the contribution to the science - refinement of concepts, creation of definitions, the basic 
knowledge scattered through the articles, conferences, workshops, the orders for the fundamental research, etc. The 
goal of the level 2 is the creation of scientific knowledge with the aspect of application. The parameters of this 
group are related to the technological performance just theoretically, because the scientific knowledge is performed
by highlighting or by mentioning the practical use of the research or new knowledge. The parameters of such group 
can be the scientific article, conferences, awards, etc. 
Applied research (AR) activity. 2 levels, which can be assigned to the applied research, are the same as presented 
in original TRL. The goal of the level 3 is the creation of practical idea. The parameters of this group can be the 
number poster-presentations, participation at the practical scientific workshop or the prepared practical study. The 
level 4 starts the technological performance and the main goal for this type of activity is the implementation of the 
concept in the laboratory. The examples of the parameters from this level could be the number of patents or the 
applications for them, the number of created processes or components, etc. 
Development research (DR) activity. Taking in to the account that original TRL is modeled to use in the industry 
institutions and extends the experimental phase very particularly, this R&D type is combined into two groups, when 
it is modified for the defining the activity level of research organization. The level 5 is the trial production of the 
product, testing or the demonstration performance. The level 6 presents the activity of creation prototypes or the 
development of particular product in real conditions. The tangible parameters and their monetary value are most 
important for this activity. 
The concept of the determining the activity type level for research organizations can be successfully applied in to 
the process of assessment of their activity effectiveness. This concept should be considered as the front-end 
dimension in the evaluation process. The first and the most important step should be the definition of the priority 
activities by analyzing the separated type levels and the strategic goals of research organization. The activity type 
coverage can include more than one activity type, e.g. the university research institute for social sciences can cover 
1-2 type levels; the scientific institute of technological university can cover 1-3 levels, the institute of technological 
sciences – 2-5 levels; private scientific center – 4-6 levels. Also, all the evaluation parameters can be combined into 
the groups according to the different levels from the basic research till the developed product. Thus would determine 
the assessment parameters for the evaluation of effectiveness in research organization after the determination of the 
activity type level coverage.
4. Conclusions
The variety of research organizations has increased rapidly. Individual organization can have its own unique 
identity and area of research which is different by the performed processes and created products. It is obvious, that 
the most significant aspect in the evaluation process of their effectiveness is the clear understanding about these 
differences and the specific of each R&D activity. 
One of the most challenging aspects in the assesment of effectiveness is the selection of a suitable set of 
appropriate measures for the right subjects. This problem is solved by the developing the effectiveness evaluation 
system, were the modified TRL methodology is incorporated as the fron-end dimension into the assesment process. 
The paper presents the modeled tool which allows to identify the coverage of R&D activity types depending on the 
strategic goals of research organization, what predestine the indicators of their performance evaluation.
The developed R&D effectiveness assessment system in the research organizations ensures the knowledge-based 
development, what would contributes significantly to the competitiveness of the organizations, bussiness companies 
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and country. The developed system also enables to compare one organization with other on the same platform and
balances the significance of BR, AR and DR activities in the evaluation process by directing them towards a 
creation of effective innovations. This system designed for the head of research organization to ensure the effective 
use of scientific and structural potential and also for the people who are responsible for the R&D policy in the 
country to use it as unified evaluation platform to assess the effectiveness of different type research organizations’ 
activities in the country. 
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